INTRODUCTION
For the production of Portland clinkers, mineralizers and/or fluxes are often added to the raw mixes to accelerate reactions and enhance burnability. Traditional fluxes such as Fe 2 O 3 and Al 2 O 3 have been partially substituted by the mineralizing pair CaF 2 /CaSO 4 to produce clinkers with low aluminate contents at temperatures between 1300 and 1400°C ͑Giménez et al., 1991 Blanco-Varela et al., 1985 , 1990 Moir, 1982; Blanco-Varela et al., 1997; Wenxi et al., 1992͒ . The use of this mineralizing pair to partially replace aluminates is particularly useful in manufacturing white clinkers, because of the potential for energy conservation and seawater resistance ͑Pajares et al., 2001͒. The phases that may be present in this type of mineralized clinkers ͑Giménez and Blanco-Varela, 1995͒ It is of great importance to know the mineralogical compositions of these clinkers in order to understand and predict the mechanical strength of mortars or concrete elaborated with these cements. So far, calculations with the method of Bogue ͑1929͒ are used to deduce the mineralogical composition by using the elemental content usually measured by X-Ray Fluorescence ͑XRF͒. This method has well known problems ͑Taylor, 1997͒ mainly due to the lack of thermodynamical equilibrium in the kiln. Hence, alternative analytical methods are being studied to measure the mineralogical compositions of clinkers and cements. Laboratory X-Ray Powder Diffraction, LXRPD, is now widely used to carry out quantitative phase analyses of crystalline mixtures ͑Hill and Howard, 1987; Bish and Howard, 1988; Madsen et al., 2001͒ by On the other hand, in order to apply the Rietveld method to mineralized clinkers it is necessary to know the structure of fluorellestadite. Unfortunately, the crystal structure of this phase was not known although it can be prepared as a crystalline single phase. 1993͒. The structure must be similar to that of apatite where the phosphate groups are randomly replaced by silicate and sulphate tetrahedra and the hydroxyl groups are replaced by the fluoride anions. In fact, a structure for ellestadite ͓ap-proximately Ca 10 (SiO 4 ) 3 (SO 4 ) 3 (OH) 2 ] has been reported for a mineral from Cuba ͑Organova et al., 1994͒. This crystal was monoclinic but with the apatite framework and it contained chloride anions and even a small amount of carbonate.
The aim of this work is to determine the crystal structure of fluorellestadite and use it for the quantitative analysis of the mineralized white Portland clinkers.
EXPERIMENT

Fluorellestadite synthesis
The raw materials used for fluorellestadite, FLELL, (6CaO•3SiO 2 •3CaSO 4 •CaF 2 ) synthesis were CaCO 3 , CaSO 4 •2H 2 O, SiO 2 and CaF 2 with high purity grade in the stoichiometric ratio. The ground mixture was heated at 1000°C for 2 h. Then, the sample was ground again in an agate mortar and heated at 1000°C for 32 h. To follow the synthetic procedure, free lime concentration was determined by the ethylene-glycol method ͑UNE Standard 80-243-86, 1986͒ giving 0.42% w/w of CaO. Routine LXRPD data indicated that the sample was a highly crystalline single phase.
Mineralized white Portland clinker preparation
The chemical analysis of the raw materials used for the preparation of the mineralized clinker is presented in Table I . In order to get the required mineralizers content, the dosage given at the bottom of Table I was selected. The resulting silica modulus was 7.50 ͑% w/w͒. The raw materials were ground to particle size smaller than 45 m except limestone which was ground to particle size smaller than 125 m. The mixes were hand homogenized, using ethanol as dispersive medium, taking great care to avoid any modifications of particle size and then dried. Cylindrical pellets of 2.5 cm diameter and 1.5-2.0 cm length were prepared. The clinkering temperature was 1350°C for 1 h in a laboratory furnace. The chemical composition of the clinker was determined according to UNE Standard 80-225-93 ͑1993͒.
White Portland clinker
A typical commercial white Portland clinker was sampled from a factory and characterized by powder diffraction.
LXRPD studies
The LXRPD pattern for FLELL was recorded on a Siemens D5000 /2 diffractometer ͑flat reflection mode͒ by using CuK␣ 1,2 radiation ͑1.542 Å͒ with a secondary curved graphite monochromator at 25°C. The samples were loaded in an aluminum holder by sample-front pressing. The experimental details are given in Table II . The LXRPD data for a commercial white Portland clinker were collected as for the mineralized clinker but spinning the sample at 15 rpm to improve the particles statistics.
RESULTS AND DISCUSSION
The final goal of this work is the determination of the mineralogical composition of mineralized white Portland clinker by powder diffraction using the Rietveld methodology. However, to do so, the structural information of all crystalline phases is needed. As the crystal structure of FLELL was not known, this structure was determined prior to the mineralogical quantification. Table II . The last refinement converged to R WP ϭ12.3%, see Table II . The refined atomic positions and isotropic vibration temperature factors are given in Table III . The Rietveld plot is displayed in Fig. 1 . The inset shows an enlarged view for the fit in the high angle part of the pattern. Inter-atomic bond distances range between 1.54 and 1.56 Å for Si/S-O bonds, 2.39 and 2.85 for Ca-O bonds, and the Ca-F bond distance is 2.30 Å. The angles for the tetrahedra (SiO 4 or SO 4 ) ranges between 107.4 and 110.8°The structure of FLELL belongs to the well known apatite type structure, so no discussion will be reported.
Crystal structure of Fluorellestadite
Phase analysis of the mineralized white Portland clinker
The sample was rotated during LXRPD data collection as the particles statistic increases notably. The intensities are better and so, the phase analysis gives more accurate results. First, the phases present in the synthetic clinker were identified: C 3 S ͑De la Torre et al., 2002͒, C 2 S ͑Mumme et al., 1995͒, C 11 A 7 CaF 2 ͑Williams, 1973͒ and fluorellestadite. The LXRPD multi-phase pattern was analyzed with the GSAS suite of programs as above. Scale factors and unit cell parameters were refined for each phase and the ͑positional and thermal͒ atomic parameters were NOT refined for any phase. It is worthy to point out that the peak shape parameters for phases in low concentrations are unstable and usually hard to refine. In this case, a number of variables as low as possible should be used. Hence, only two parameters to describe the pseudo-Voigt were used and only one parameter ͑LY͒ was refined for the phases in low concentrations. Alite presents preferred orientation due to its large particle size. In this case the effect was corrected using the spherical-harmonic correction ͑Von Dreele, 1997͒. This method gives much better fits for alite than the March-Dollase algorithm ͑Dollase, 1986͒. It used the cylindrical symmetry and the order of the spherical harmonics was 10. The final texture index was 4.79 ͑1 texture index represents an ideal ''random powder'' and ϱ stands for a single crystal͒.
The Rietveld plot for the mineralized white Portland clinker is given in Fig. 2 . An enlarged view of the most informative part of the pattern is given in Fig. 3 ͑top͒ with the peaks due to a given phase labeled. Details of the Rietveld refinement of this pattern, including the phase analysis, are given in Table IV . The phase content obtained from the Rietveld analysis has been transformed to overall elemental content ͑expressed as oxides͒ in Table I . However, one should exercise care when comparing these values with those expected from the dosage of the raw materials and those measured by XRF. In order to compare these numbers, the atomic substitution in the crystalline phases and the presence of amorphous phases was neglected. This approximation is coarse. However, under these constraints, the agreement in Table I is remarkably good. Some considerations can be drawn: ͑1͒ Overall CaO is always slightly overestimated in the Rietveld analysis as it includes the Ca/Mg substitution which cannot be modeled. Consequently, MgO is not estimated. ͑2͒ Similarly, SiO 2 is overestimated in the Rietveld analysis as the Si/Al substitution cannot be taken into account. Consequently, Al 2 O 3 is underestimated. ͑3͒ The agreement for SO 3 content is good and CaF 2 is underestimated in the Rietveld analysis probably due to the presence of amorphous fluorides which are the last crystallizing fraction. 
Phase analysis of commercial white Portland clinker
The Rietveld analysis of a diffraction pattern for a commercial white Portland clinker manufactured without CaF 2 was carried out for the sake of comparison. This sample was simpler and it contained C 3 S, C 2 S and C 3 A. The phase analysis was carried out as described above and the most informative part of the Rietveld plot is given in Fig. 3 ͑bot-tom͒. The results for white Portland clinkers, including the quantification of the non-diffracting part, will be reported elsewhere.
CONCLUSIONS
This paper reports the crystal structure of fluorellestadite which belongs to the apatite type structure. This structure is used to quantify the mineralogical content of mineralized white Portland clinkers. These clinkers contain C 3 S, C 2 S, C 11 A 7 CaF 2 and fluorellestadite. Some guidelines for these type of Rietveld studies are presented. The agreement between the elemental composition inferred from the phase analysis and that measured by XRF is noteworthy taken into account the possible presence of amorphous phases. Similar Rietveld studies on commercial white Portland clinkers are also shown to be feasible.
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